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BACKGROUND OF THE INVENTION 
10 Numerous proteins and peptides, collective* referred to herein as polypeptides, 

exhibit bio.ogical activity in vivo, which renders then, nsefhl as medicaments in therapy. 
Many illnesses or conditions which can be treated with a biologicaily active polypept.de, 
require admntistration of a constant or sustained level of medicament to provide the 
mosteffectiveprophylacticand/ortherapeuticeffecu. As snch, administration of 
,5 bio.og.caUy active polypeptides can require frequent subcutaneous injections, whtch 
result in fluctuating levels of medicament and poor patient compliance. 

As an alternative, the use of biodegradable materials, such as polymers, 
encapsulating the medicament can be employed as a sustained delivery system. The use 
of biodegradable polymers, for example, in the form of microparticles or microcarners 
20 cmprovideasus,ainedreleaseofmedicament,byutili Z ,n g the.nheren,biodegradab,l,ty 
of the polymer to control the release of the medieamen, thereby providing a more 
consistent, sustained level of medicament and improved patient compliance. 
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However, these sustained release devices ean exhibit htgh initial bursts of 

therebyinterferingwithftedesiredreleaseprofileforntemedtcament. 

„f activity of the medicament due to the instability of the medicament and the 
de^dattveeffectsoftbeprocesstngsteps. Degradative effects are parucularly 
10 problematic when the medicament is a polypeptide. 

Therefore, aneed exists for a means of administering biologically aottve 
polypeptides in a sustained fashion wherem the amount of polypeptide delivered ,s at 
Lapeutic levels, and retains activity andpotency for the desired period of release. 

SUMMARY OF THE INVENTION 

Thepresentinventionisbasednpontheunexpecteddiscoverythatwhena 

Lnedrelease composition compnsing a biocompatible polymer and a btoogtcay 
aotivepolypeptidethatanimprovedreleaseprofileofactiveagentisachteved.Mos 

20 exhibitanincreaseofhioavailabilityofmepolypeptideovercompositionslackmgm^ 
specific combination of excipients, thereby resulting in an improved sustatned rele.e 
Imposition which can deliver therapeutic levels of polypeptide for a des.red penod. In 
addition.thesnstainedreleasecompost.ionshavingthisspeetficcombinattonof 
excipients can exhibit a reduced lag phase which can provide for a smootmng out of me 
25 .eleaseprofileandcancontnbutetoanincreaseinmeamonntofagentreleased. 

Thisinventionrelatestocomposttionsfortbesustainedreleaseofbtologtcally 
active pdypeptides, and methods of forming and using said compositions for the 
sustained release of biologtcally active polypeptides. The sustained release 
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Theme.hodoffteinvention.forformingacomposmonfortosutam 

♦v.11v effective blood level of biologically active 

oresent in the sustained release composition. Further, loss 

bl o,ogicaUy active po.ype P .ide and ofter components wtach are con 
fonnnlatingthesustainedreieaseeo.nposMon.canbetnintnt.zed. 
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The advantages of the sustained release formulation for biologically acfive 
^^^^^^^^^^^ 

5 desirablereleaseprofde.andapo.entia.loweringof.hetotalantountofhrolog.caUy 
active polypeptide necessary to provide a therapeutic benefit by reducing these 
fluctuations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 a graph of plasma levels (pg/mL) in rats of exendin-4 versus time » days 
10 postadministrationfortheselectedmicroparticleformulations. 

FIG. 2A is a graph of % Native Exendin-4 versus.ume in days for the desenbed 
stability studies. 

FIG. 2B is a graph of % Native Exendin-4 versus time in days for the desenbed 
stability studies. 

1S FIG. 3 is a graph of % Native Exendin-4 versus time in days for the desenbed 

stability studies. 

FIG. 4 is a graph of plasma .eve.s (pg/mL) in rats of exendin-4 versus tune m 
days post administration for the selected microparticle formulations. 

FIG. 5 is a graph of plasma levels (pg/mL) in rats of exendin-4 versus tune m 
20 days post administration for the selected microparticle formulations. 

FIG. 6 is a graph of plasma levels (pg/mL) in rats of exendin-4 versus Ume m 
days post administration for the selected microparticle formulations. 

FIG. 7 is a graph of plasma levels (pg/mL) in rata of exendin-4 versus tune m 
days post administration for the selected microparticle formulations. 
25 FIG. 8 is a graph of plasma levels (pg/mL) for formulations, IF-1, -2 and -4 m 

Rats versus time in days post administration. 

FIG. 9 is a graph of plasma levels (pg/mL) in rats of exendin-4 versus ume m 
days post administration for formulations SF-1 and SF-2. 



HGtO.sas.aphofp^a.eveis^inratsofexend^ versus ,in,e in 

FIG U is a graph ofplasma levels (pg/mL) in rats of exend 

days postadmmistra *«*^^JZZZ*~-<-* 
5 FIG 12 is a graph ofplasma levels (pg/mL) m rats of 

FIG. 13 isagraph ofplasma levels (pg/mL) in rats of exendin 
■ f , ap selected microparticle formulations. 

FIG 14 is a graph ofplasma levels ^pg/nu.; 

FIG. 15 is a graph ofplasma levels (pgUL) ■» «*» ° f exena 
.• selected microparticle formulations, 

days post administration for the selected rmc p ^ 
FIG 16 is a graph ofplasma levels (pgtaL) in rats of exendin 

FIG. 18 is a gr p micropar ticles or 10 mg of 

ofexendin-containingmicroparticlesplusjumgo p 

nFT AILED DESCRIPTION OF THE INVENTION 

DETAILED DEovmt 0 f biologically 

This invention relates to compositions for the sustaine 

25 Inedlaseofhiologicallyactivepolypeptide, 

The method of the invention, for forming a composition for the 
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polymer solution either as solids, liquids or suspensions. It is understood, that the 
eonrbinationoftheoornponentsofthecompositioncanbeaehievedinanyorder. 

Themethodofusingthesustainedre.asecomposittonofthepresent.nventton 

the sustained release composition described herein. 

to a particular embodiment, the sustained release composition comprises a 

salting-out salt. More specifically, the polypeptide is selected from GLP-1 , ^ 
15 exendm-3,exend,n,orananalo g ,derivativeora g onist«hereo f . Most specifically, be 

ionium sulfate. This preferred combination in no way excludes other combma ions 
ofsugar or sal. with exendin-4 audit is understood that other combinations are mcluded. 
20 toaparticnlarembodimenMhesustainedreleasecompositioncompnsesa 

p resen,inthecom P osifio„a,aconcentrat,onofabou t 0.01%toabout 1 0%w/wb,ed 

on thetotalweigfrtofthe final composition. In addition, the sucrose can bepresentina 
co„cent ra t,ono f abont0.01%.oabou,5%«/wof.hedrywei g htof,hecompos,„on. 
2S Further.theammoniumsu.fateca.bepresen.mthesustainedreleasecompositionata 
concentra,ionofabou,0.01%toabou,5%w/wofthe final weigh, of the composition. 
Salting-on, salts, as that term is used heretn, refers to salts which are » the 

in Thomas E. Creighton in Protein, Structures ani Molecular Principles, pp. 149-150 
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LtaowninmeanassmtableforprecW 

5 — . 

Kos m otropicio„shaveah I gh0hargedens,ty(e.g.,SO 1 , HPC, , W , 
andHPO/landchaotropic ionshavealow charge de„si V (examples mc. de H 2 PO 
TsO- HCO3 .-,Cr,N0 1 ,NH;,Cs*,KMN(CH J ) 4 r). Thesaltingoutsa,tcana,s be 

10 oracid ^^^^^^CNH^*^""^*^'" 

certain embodiments, amino acids such as glycine which is considered m the art 
kosmotropecanbensedasanahernativetothesalting-outsalt. 

Suitable salting-ou, salts for use in this invention include, for example, salts 

, • »«„« t i* Na* K* and NH/; and also containing 
containing one or more of the cations Mg , L, , Na , K and . 

one or more of the anions SO.'. HPO.", acetate, citrate, tartrate, CP, NO, , CIO, , , 
CIO; and SCN". 

Theamountofsalting-outsaltpresentmthesustainedreleasecompositioncan 

,0%(w/w),forexamp,efromabout0.01%toabou,5%,snchasO,%toabout5%of 
the totalweigmofthe sustained release composition. Combinations of two or more 
satting-outsaltscanbeused. The amount of salting-out salt, when a confutation is 
employed, is the same as the range recited above. 
25 As u g arasdef,nedherein,.samono S aecharide,d,sacebarideoro,igosacchande 

(ft om3-10monosaecharides)oraderivative,hereof. For example, sugar alcoholsof 

such,thesugaralcoholmannitol,forexam P le,whichisderivedfromme 
monosaccharide mannose is included in the definition of sugar as used herem. 
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Suitable monosaccharides include, but are no, limited to, glucose, fructose and 
mannose. A disaceharide, as further defined herein, is a compound which upon 
hydrolysis yields two molecules of a monosaccharide. Suitable disaccharides include, 
bu, are no, limited to, sucrose, lactose and trehalose. Suitable oligosaccharides include, 
5 bu, are not limited to, raffinose and acarbose. 

The amount of sugar present in the sustained release composition can range from 
about 0 01% (w/w) to about 50% (w/w), such as from about 0.01% (w/w) to about 10% 
(w/w), such as from about 0.1% (w/w) to about 5% (w/w) of the total weight of the 
sustained release composition. 
10 Alternatively, the amount of sugar present in the sustained release composite 

can be referred to on a weigh, ratio with the biologically active polypeptide. For 
example, the polypeptide and sugar can be present in a ratio from about 10:1 to about 
1:10 weightweight. 

Combinations of two or more sugars can also be used. The amount of sugar, 
1 5 when a combination is employed, is the same as the ranges recited above. 

Biologically active polypeptides as used herein collectively refers to biologtcally 
active proteins and peptides and the pharmaceutical* acceptable salts thereof, which are 
in their molecular, biologically active form when released in vivo, .hereby possessmg the 
desired therapeutic, prophylactic and/or diagnostic properties in vivo. Typically, the 
20 polypeptide has a molecular weight between 500 and 200,000 Daltons. 

Suitable biologically active polypeptides include, but are not limited to, 
glucagon, glucagon-likc peptides such as, GLP-1, GLP-2, exendin-3, cxendin-4 and 
analogs, agonists, and derivatives thereof, vasoactive intestinal peptide (VIP), 
immunoglobulins, antibodies, cytokines (e.g., lytnphokines, monokines, chemokines), 
25 interienkins, macrophage activating factors, interferons, erythropoietin, nucleases, tumor 
necrosis factor, colony stimulating factors (e.g., G-CSF), insulin, enzymes (e.g., 
superoxide dismutase, plasminogen activator, etc.), tumor suppressors, blood protems, 
hormones and hormone analogs and agonists (e.g., follicle stimulating hormone, growth 
hormone, adrenocorticotropic hormone, and luteinizing hormone releasing hormone 
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(LHRH)) vaccines (e.g., tumoral, bacterial and viral antigens), antigens, blood 
coagulation factors, growth factors (NGF and EOF), gastrin, GRH, antibacterial peptides 
such as defensin, enkephalins, bradykinins, calcitonin and muteins, analogs, delehon and 
substitution variants and pharmaceutically acceptable salts of the foregoing. 
5 Exendin-4 is a 39 amino acid polypeptide. The amino acid sequence of exendm- 

4 can be found in U.S. Patent No. 5,424,286 issued to Eng on June 13, 1995, the entire 
content of which is hereby incorporated by reference. AC2993 is synonymous with the 
term exendin-4 simply referring to the synthetic exendin-4. Exendin-4 has been shown 
in humans and animals to stimulate secretion of insulin in the presence of elevated blood 
10 glucose concentrations, but not during periods of low blood glucose concentrations 
(hypoglycemia). It has also been shown to suppress glucagon secretion, slow gastric 
emptying and affect food intake and satiety, as well as other actions. As such, exendin-4 
and analogs and agonists thereof can be useful in the treatment of diabetes mellitus, IGT, 
obesity, etc. 

15 The amount of biologically active polypeptide, which is contained within the 

polymeric matrix of a sustained release composition, is a therapeutically, diagnostically 
or prophylactically effective amount which can be determined by a person of ordinary 
skill in the art, taking into consideration factors such as body weight, condition to be 
treated, type of polymer used, and release rate from the polymer. 
20 Typically, the sustained release composition can contain from about 0.01% (w/w) 

to about 50% (w/w) of the biologically active polypeptide (total weight of composition). 
For example, the amount of biologically active polypeptide can be from about 
0.1%(w/w) to about 30% (w/w) of the total weight of the composition. The amount of 
polypeptide will vary depending upon the desired effect, the planned release levels, and 
25 the time span over which the polypeptide will be released. A specific range of loading 
is between about 0.1% (w/w) to about 10% (w/w), for example, 0.5% (w/w) to about 5% 
(w/w). 

In a further embodiment, the sustained release composition of the present 
invention can be coadministered with a corticosteroid. It has been shown herein that 
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ooatoinis^onof.hesus.ain.dreleaseco.nposi.ionof.he invention with a 
corticosterord can farther increase the bioavailabfity of the biologicaUy achve 

Lconrhinationwithsnsta.nedreiease compositions is descnbed m deta,, n U. . 
, A P phcationhav,n g U,,.N.60M 1 9,430enti, 1 ed,MethodofModifyin g theRe 1 ease 
pTfdcofSnsta.nedReieaseCo.nposhionshyDasehetat.he.nsfiiedeoncnr.enUv.the 

entire content of which is hereby incorporated by reference. 

Corticosteroids, as defined hereto, refers to steroidal anti-inflammatory agents 

also referred to as glucocorticoids. 

Snitabiecorticosteroidsincinde.bntarenotfimitedto.ai-Acetoxypregnenoione, 

Mc—e^ne,^ 
Chio.pre—C^ 

Cortisone, Co— Deflazacort, Desonide, Desoximetasone, Dexamemasone 
Disflorasone.Difincortolone.Diflnprednate.Enoxoione.Flnazacon.Flncloromde 
„ Finmemasone.Flnmsofide.FlucrnoioneAcetonide.Finoeinonide.F— 

Flncortoione, Flnorometholone, Flnpero.one Acetate, Flnprednidene Acetate, 
FinprednUoione.Ftaandrenofide.FlnticasonePropionate.Formoco^ 
Halobetasol Propionate, Halometasone, Halopredone Acetate, Hydrocortamate, 
Hydrocortisone, Loteprednoi Etabonate, Mazipredone, Medrysone, Mepredn,s^ 

p r edlo 1 o„e25-D I ethyla ml no-ace,ate,Predniso 1 one Sodium Phosphate, Pre msone, 

Prednival, Prednylidene, Rimexolone, Tixoeortol, Triamcmolone (all forms), for 

example, T^M^^r^^^^^^^^ 
Triamcinolone Benetonide, Tnanrcinolone Hexacetonide, Triamcinolone Dracetate 

and analog thereof. . 

h one embodiment, the corticosteroid can be co-ncorporated into the sustmned 

^easecomposifioncomprisin^ 
polypeptide agent incorporated therein. 
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mother embodiment, the comcosteroid can be separated incorporated into a 
seeondbiocompattb.epoiymer.Thesecondbiocompattbiepolymercanbethesameor 

different from the first biocompa,ib,e polymer which has the biologically acfve 
polypeptide agent incorporated therein. 
5 In yet another embodiment, the corticosteroid can be present m an 

noncapsulated state but commingled with the sustamed release composmom For 

release composition. Alternatively, the corticosteroid can be present asasohd 
suspended* an appropnate vehicle. Farther, the corticosteroid can be present as a 
,0 powderwhichiscommingledwimthesustainedreleasecomposmon. 

It is understood that the corticosteroid is present in an amount suffice* to 
m odify<here,easeprofileof,he biologically active polypeptide from the sustained 
r elease composition. Mediation of the release profile, refers ,o increased 
hioavailabilityofthebiologrcallyactivepolypepttdeofmesustainedrelease 
„ composifionlncreasedbioavailabtlityreferstoanincreasemthebioavatlahthtyofthe 
btologicallyaetivepolypeptidefromthesustainedreleasecompositionwhen 
eo^nis.eredwi.hacorticosteroidincompa.ison.the administration tn the absence 
of corticosterotd over a time period beginning at two days post administrate and 
ending at the targeted timepoint for the particular formulafon. 
20 As used herein, the term a or an refer to one or more. 

As used herein, patient refers to a human. 

As defined herein, a sustained release of biologically active polypeptide ,s a 
releaseofthepolypeptidefiommesustainedreleasecompositionofthetnventionwhtch 

ocoursoverapenodwhtchislongerthanthatperiodduringwhichabiologteally 

which occursoverapetiodofatleast about one weelc, such as at leas, about two weeks, 
« least about three weeks or at leas, about four weeks. The sustained re.ease can be a 
continuous or a discontinuous release, with relatively constan, or varying ra,es of 
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release The continuity of release and level of release can be affected by the type of 
polymer composition used (e.g., monomer ratios, molecular weight, block compos.hon, 
and varying combinations of polymers), polypeptide loading, and/or selection of 
excipients to produce the desired effect. 
5 As used herein, a therapeutically effective amount, prophylactically effective 

amount or diagnostically effective amount is the amount of the sustained release 
composition needed to elicit the desired biological response following administrate. 

Polymers suitable to form the sustained release composition of this invention are 
biocompatible polymers which can be either biodegradable or non-biodegradable 
10 polymers or blends or copolymers thereof. A polymer is biocompatible if the polymer 
and any degradation products of the polymer are non-toxic to the recipient and also 
possess no significant deleterious or untoward effects on the recipient's body, such as an 
immunological reaction at the injection site. 

Biodegradable, as defined herein, means the composition will degrade or erode in 
15 vivo to form smaller units or chemical species. Degradation can result, for example, by 
enzymatic, chemical and physical processes. Suitable biocompatible, biodegradable 
polymers include, for example, poly(lactides), poly(glycolides), poly(lactide-co- 
glycolides), poly(lactic acid)s, polyfglycolic acid)s, polycarbonates, polyesteramides, 
polyanydrides, P oly(amino acids), polyorthoesters, P oly(dioxanone)s, polyfalkylene 
20 alkylate)*, copolymers or polyethylene glycol and polyorthoester, biodegradable 
polyurethane, blends thereof, and copolymers thereof. 

Suitable biocompatible, non-biodegradable polymers include non-biodegradable 
polymers selected from the group consisting of polyacrylates, polymers of ethylene-vinyl 
acetates and other acyl substituted cellulose acetates, non-degradable polyurethanes, 
25 polystyrenes, polyvinylchloride, polyvinyl flouride, polyvinyl imidazole), 

chlorosulphonate polyolefins, polyethylene oxide, blends thereof, and copolymers 
thereof. 

Acceptable molecular weights for polymers used in this invention can be 
determined by a person of ordinary skill in the art taking into consideration factors such 
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Dal ,o„s. I„a P refe rr ede mb odi I ne„t, t hepo,y m e„s too * 
g lyc„lide)(heremafter PLG)wt fc m even more preferred 

10 THesus.a.nedrefeaseeornpositionofrh.smvenUone^e 

m icroparticle can have a spherical, P tvoical size range for 

micropartieles is 1000 mierons or less, to a parucu 

tha.reachestoegeneralc.rculat.on.ThaUs.the „ post 

refease profile is generated by graptong Bioavailability is often referred 

Woavailability achieved for a parfteular po.ypepude foftow 

sm edoseofdrngtoftaven ousiynrulftpUedbyiOO^ ^ inthe 

tocreasedbroavaitobiliryastoat.ernr.suedher^ 
Moavaiiabilityofabiotogicaftyacftvepolypepftdeagentftonrasus, 
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biol ogicaUy aotivepolvpept.de agents in the pattent s serum An examp 

testing is described herein for patient to monitor the therapeutic effects of 

Pharmacody^mtcmomtonn fthe^u lyactjvityof 

based upon the biologically active polypeptide agent g 

— - — ■ - 

eta l andissuedU.S.Paten.No.5,922,253 I ssued,oHerbert e <a;. 
whichareineorporatedhereinbyreferenceintheirentue^. 

^asi^cantpornonofmedropie, — « ^_ s . — 

— =d=r — — 
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5 n u--- edt ° a 

The solvent in the frozen mtcrodroplets is extracteo 
fcenon-soKenttoformapolyme^^ 
10 nZanaah^aefrvea.ent. Mixft, ethane, with other 

IhTxane heptane or pentad can increase therate of so.ven, exfracfron, above «h* 
I^bylnolamn^^ 

^I^e^eo^esof — re ,ease ^posfrtons can he »a d e h v^ ng 
ra icroparticles are desfred, the micropafricles can he exfruded, for example, thr gha 

micrometers in diameter. 

Yet artother method offormingasustaineordeasecomposmonfrorna 

recasting such as inamold, to form a film or a shape. For instance, after puttmg the 
:letempe ra tmeof,hepo, y mersnspen S1 on I srednced,n„,ilafftmorshape, W1 .h^ 

consistent dry weight, is obtained. 

A further example of a conventional microencapsulate process and 

| . • T ,o Pat No 3,737,337, incorporated by 
mi croparticles produced thereby is d,sclosed in U.S. Pat. No. 3, 
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^llmasolventisprepared. * — 

e material is dissolved or dispersed in the polymer-containing tmxture and 



or core r 



Another example of a process in wmch solvent is removed from mtcropartic es 
e„„.ainingasubs,ance,s disclosed in U.S. Pat. No. 3,523,906, incorporated heremby 

"sti,! another process as shown inU.S.Pa,.No.3,69.,090, incorporated herem 

by reference in its entirety, organic solvent is evaporated from a disperse of 
15 rnieroparticiesinanac.neousmedinm.preferahlyunderredncedpressure 

Similarly, the disclosure of U.S. Pat. No. 3,891,570, incorporated herem by 

the application of hea, or by snbjeeting the micropartieles to rcdneed pressure 
20 Another example of a solvent removal process is shown m U.S. Pat. No. 

3 960 757 incorporated herein by reference in its entirety. 
' ' Ticeera/ i„U.S.Pat.No.4,389,330,describe,hepreparationofmicropart,cles 

activeagentinasolvent and dissolving a wa„ forming material in that solvent;*) 
25 aispersingthesolventcontainingmeactiveagentandwallformingmaterialma 

eontinuons-phaseprooessingmedium^Oevaporatingaportionofthe solvent fromth 
d ,spersionofs,ep (b), thereby forming micropartieles containing** active agentn the 
suspension; and(d) extracting theremainderof.be solvent from.hemicropartic.es. 
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A suitable polymer solution contains between about 1% (w/v) and about 30% 
(Wv )ofasmtablebiocompatible polymer, wherein the biocompatible polymer* 
Really dissolved inasuitable polymer solvent. Preferably, a polymer solut.cn 
contains about 2% (w/v) to about 20% (w/v) polymer. 
5 A suitable polymer solvent, as defined herein, is a solvent in which the polymer 

.soluble, in whichsome, none, or al, of the other components are soluble and in which 
the other components are non-reactive. Examples of suitable polymer solvents mclude 
polar orgamc liquids, such as methylene chloride, chloroform, ethyl acetate, methyl 
acetate, hexafluoro.sopropanol, acetone, dimethylsulfoxide and combinations thereof. 
10 Furmcexcipientscanbepresentinmesustainedreleasecompositiou. The 

excipients can be added to maintain the potencyofthe biologically active polypept.de 
agent over the duration of release and/or modify polymer degradat.cn. Satiable 
excipients include, fcr example, buffer salts, carbchydrates, metal cations, annuo acds 
fatty acids, surfactants, and bulking agents, and are known to those skilled in the art. An 
,5 ac.d.c or a basic excip.en. is also suitable. The amount of excpient used is based on 
ratio to the biologically active polypeptide agent, on a weigh, basis and can be 
determined by one of skill in the art using available methods. 

Buffer salt, as defined herein is the salt remaining following removal ofsolvent 
from a buffer. Buffers are solutions containing either a weak acid and a related salt of 
20 theacidoraweakbaseandasaltofthebase. Buffers can maintain a desued pH to 
assist in stabilizing the formulation. This maintenance of pH can be afforded dunng 
processing, storage and/or release. For example, th e buffer can be monobasic phosphate 
sal. or dibasic phosphate salt or combinations .hereof or a volatile buffer such as 
anunomum bicarbonate. Other buffers include, but are not limited to, acetate, Crate, 
25 snccmateandamincacidssuchasglycine,argin,neand his.id.ne. The buffer when 
present inthe final sustained release composition can range from about 0.01% to about 
10 »/„ofthe total weight, mapreferred embodiment, the buffer salt isasodium acetate 



salt. 
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ulher modify release of the biologicaUy active polypeptide from the polymer 
te eof. Thepresenceofsmfactan.oanin.ome— sassistin — 
^lofsurfac^preseminmesnsiamedreieasecomposmoncanr^cfromabom 
0 IS w/w to about 50% w/w of me dry weight of the composrtton. 

los)polyoxyethylene fatty acid esters, polyvinyipy.oHdone and combma ons 

, 5 trad emarkPLU R ONIC-F68,bothavai.ab 1 efromBASFWyandottc. Examplesof 
LdemmkTWEEN«20andpolysorbate80soldnndermetradcmar k TWEEN«80. 

20 smfactants based on their highly effective natme as detergents. 

BnUt.ngagentstypicanycomptisemcrtmatetiais.SmtablehnlKmgagentsare 

known to those skilled in the art. 

Amctalcationcomponentwhtchtsdtspersedwtminthepo.yrnerma.xcanaso 

b eused as an optional excipient. This metal cation component acts to farther mo ulate 

Jvalentmeta, cation. Examples of mcta, cation components smtabe to modniate 
prot einre,ease include or contain, for example, MgW.MgCO (such as . 
4M g C0 3 Mg(OH) !5 H 2 0),Zn(0 A c) 2 , Z nSO < andZnC,,Asmtah,erat,oofmeta.ea, 1 on 
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5 and co-pending U.S. Patent Application 08/727,531, tne 

incotporatedhereinbyreferenceintheirentirety. t1l , Workine 

^'lout^bonndWap— ^.t^eHeved.at.e^.e 
10 W o,o gi ca„ y actWepolypep ti de,canoccu rby «wod lff e ren t m ec h an,s m s. « 
^oUact-vepotypepUdeoanbe — ^^72 
peptide o.byvoidserea.edbytheren.ova.of.hepoly.nersoWentdunngth 

^d^o^eanbe— . Po.e^te,— g tbe gl ye^ 

25 increasedrateofreleaseofproteinduetopolymereros.on. 

Wore an acidic or a basic excipient such as an inorganic acid or incre ase can 



erosion rate 
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,r"-r— — — — rr; 

20 card— .(CVJdisorderoranyotedisorderthatoanb treated y 

t.- v, ^r, Up treated bv admimstenng me susuwwu 
^TdCnXypendiabeteswHeheanbe^ 
^position of the invents tnelude Type I and Typ 

25 when the incorporated polypeptide is FSH or ana g 
beta interferon or a mutein thereot. asc 
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... resoond to administration of a give 
^posittoncanbe to neat disease whKhrespon 

5 appa.enttothoses.inedtn.aeatttn,^ o ^ variations whl eh tal, witoan dae 

The invention will now u 
examples. 

10 EXEMPLIFICATIONS 

MICROP ARTICLE PREPARATION ^ ^ed h ere in were prepared by any of 

^oILw-aeKtee^eisdese.ed^ 
15 ^CERVATXON-W/O/OPROCBSS 

ptoeess.reounesformattonofawater ^ „ the „-„d 

ponton, ^^:^z^^. T— 

Exendin-4 was enoapsulated vnPLG p ^ ^ g w;()/0 ifflier 

effluls ions y s t e m . ^""-ZZZZ^*^" 

25 .hecompleteproeessissetWhbdow. 
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r^R EMULSION FORMATION Thewa ter phase of the 

c o m hina t io»sefexei P ientswe rei nves« g a t ed.TheP L Gp 
dissolved in methylene chloride. 



em „lsion with agitation, forming embryonic mtcroparhcle. The emhry 
emulsion wim g rea uired hardening. 

10 microparticles formed were relatively soft and requi 



MICROP ARTICLE HARDENING /ethan0 , solvent mixture 

The emhryomcmicroparticleswere added. » 

withgentlea.tation^^^ 
15 pure heptane was added at 3 C and mix 

MICROPARTICLES DRYING AND ^^^^^ transferred and collected on a 

^^^^^^^^^ 

vessel was performed. The microparticles were ^ ^ ^ 

to general, PLG was d,sso ^ ta ^ „ „ 
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stimng 
dried overnight. 



for about two hours, the microparticles were 



•23- 

isolated by filtration and vacuum 



—7::: : i::ts —- — 

5 Briefly.anaqueoussolut.onofdn.gwa P were then 

emulsified in an cuter aqueous phase (e.g., PVA). 

^ ^T^Z^Ga^^asdissoWeuinme^eneo^eC^ 
In atypical experiment, PLO 

while it was probe sonicated. The resuita ^w PV A) The stir rate of 

-— — — 

CRYOGENIC PROCESS 

The cryogenic process used atomization to form droplets of pohym 

——■-7 s "T:r--— — ' 
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,,n,wticles were produced with the cryogenic, non- 
Exendin-4— ngnrKrop* *^ Lyophili zates were suspended 

— sldil—nechiondcThis 
in anor g anicso 1 utioncons,s. 1 ngof6/.4APL „ was 



and dried. 



iM/ rt ii/w«ter fS/O/W) and solid/oiVoil (S/O/O). 
/elLedinanranner-ogonstoeithertheW/O/OorW/O/Wnre^ 

poiymers were purchased from Alkermes, Inc. of CmcrnnaU.OH 
20 follows: 

Po,ymer2A: PoiyOactide-co-giycoiide); 50:50 iactide.glycotide ratio; 12.3 aD 
Mol.Wt.;IV=0.15(dL/g). 

P olym er2A-l : Poly0actide-co-glycohde); 65:35 .actid.glyco.ide ratio; 16 kD 
Mol.Wt.;IV=0.19(dL/g). 
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Mol.Wt.;IV=0.24(dL/g). 

Pol ^3A:Po 1 y( 1 ac«iae-co- gl ycoHde); 5 0 ;5 01ac ti de :gl yooUde ra tio ; 47^ 
Mol.Wt.;W=0.38(dL/g). 

5 Pol ^3,A:Po 1 y0a C . id e-co- gl ^ 
wt . Not Determined; IV=0.42 (dL/g). 

Po^^MyOacttde-eo-^oUde);^ 
45-64 kD;IV=0.45-0.47(dL/g). 

, v^v fiV35 lactide-.glycolide ratio; Mol. Wt. 
Polymer 4A-1: Poly(lactide-co-glycolide), 65.35 lactide g y 

10 53kD;W=0.43(dL/g). 

PURIFICATION OF PLG: It is known in the art (See, for example, 

15 P^ntarnoeseanbenndestrablya.terede.g d^ 
20 methods. 
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be analyzed, as well as polypeptide 



polypeptide extracted from the microparticles can 
released from the microparticles. 

^T^U,— ■ — -«— - 

5 follows. 

absorption by UV, both 214 nm rf ^ 

mII ,utesperiniec,ion. — 



20 



encapsulation in selected batches. 



A ■* a Coulter LS 230 instrument employing laser dtffraetmn 
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^pendedinar.appropna.eve^andsubiected.oana.ysisacco^g.o 
90% greater than (microns) were determined. 

LOAD OF EXENDIN-4 

THeexend^contentofbu.kmicrop^c.eswasdeterminedbytota.n^ogen 

u ct^ »t QRO °C to produce carbon dioxide, nitrogen, and 
Samnles (5 me) were combusted at 98U L,topruuu^ 

10 exendni-4, C 18 4H 282 N 5 o0 6 oS). 

Alternatively, following extraction, exendin-4 was qnannfied ns,ng Srze-^ 
Exclusion ChromatograpyfSEC). The method uses a silica-based TSK-GEL SW 
colunui, isocratic elution with 0.1% TFA in water/acetonitrile mobile phase, and UV 
absorption at 280 nm 

15 Size Exclusion Chromatogmphy (SEC) was employed to quanhfy drug load 

followngextraetionftomthemietop^ieles. SEC was conducted on a silica-based 

TSK-GEL SW column available from Tosoh Biosep (Cat. #: 08540). The flow rate was 
0BmUminw lm acolnnm,oadofabo,10pLcon,a m in g abont0,mg/mLd ro ganda 

detector setting of 280 nm. The elution system was isocratic using 0.1% TEA m 
20 water/acetonitrile mobile phase. „„™_i 
Exendin .4 was extracted from the microparhcles and the polymer was removed 
prior to determining the integrity, purity and identity of exendin-4. Briefly , the 
^roparticlesweredrssolvedinmetiaylene chloride and the extracted exendm-4 was 
collected on a 0. 1 pm filter, dried and then reconstituted in acetate buffer. 

25 RESIDUAL SOLVENTS 

Asinglenrethodwasusedforqaantitafionofheptaneandmethyleneehione. 

The equipment consisted of an HP 5890 Senes 2 gas chromatograph with an Rtx 1301, 
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30 m x 0 53 mm column. About 130 mg microparticles were dissolved in 10 ml N,N- 
d ,memylformam.de. Propyl acetate was used - me internal standard. Thesample 
preparation was adjusted so that concentrations of methylene chloride as low as 0.03 /„ 
can be quantitated. 

5 IN VITRO INITIAL RELEASE 

The initial release of exendin-4 was determined by measuring the concentrate 
of exendin-4 after 24 hours. TypicaHy, mioropartides were incubated in tsotomc, 
p hy siologrcmedia(pH7.4)at about37°C for about 24 hours. Exendin-4 concenhahon 
was determined using appropriate methods such as SEC and RP-HPLC. In vitro initial 

10 release of about 0.1% can be quantitated employing such methods. 

ANIMAL STUDIES 

All pharmacokinetic (PK) studies described herein were conducted in adult male 
Sprague-Dawleyratswe,ghingapproxima,ely450 ± 50g(age 12-13 weeks). 

ForlV bolus studies, all animals were fully anesthetized with 5% halothane and 
,5 askinincisionwasmadesu P e ri ortotheJugularvein.Ado S eof30pgofexendin-4per 

rat was administered into the jugular vein aid the incision was dosed with wound clips. 
Blood samp,eswere collected via lateral tail vein5, ,0,20,30,60,90,120, 150, 180, 
240 300 and 360 minutes post-dose. 

For PK characterization of the microparticle formulations, each animal received a 
20 subcutaneous injection of microparticles suspended in diluent (3% 

carboxymethylcellulose, 0.9% NaCl, 0.1% Twecn 20) to the inter-scapular region. 
Generafty, the dose was approximately 0.9 mg exendin-4 per ra, and the injection 
volume was 0.75 mL. Blood samples were collected via lateral tail vein at 2, 4, 6, 10, 24 
hours post dose, and typicafty at 2, 4, 7, ,9, 14, 17, 21, 24 and 28 days post-dose. Blood 
25 samples were immediately placed in MICROTAINER® tubes containing EDTA and 
centrifuged a, about 1 4,000 X g for about two minutes. Plasma was then transferred to 
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MICROTAINER® tubes without additive and stored at -70°C until time of assay. ERMA 
was used to determine plasma exendin concentrations. 
IN VIVO RELEASE-IRMA 

The method for quantifying exendin-4 in plasma is a sandwich immunoassay, 
5 with the analyte captured by a.solid phase monoclonal antibody EXE4-.2-8.4 and 
detected by the radioiodinated monoclonal antibody GLP-1 :3-3. Counts bound are 
quantitated from a standard calibration curve. This assay is specific for exendm-4 and 
docs not detect exendin-4 (3-39) a major metabolite or GLP-1 . A typical standard curve 
range is 30 pg/mL to 2000 P g/mL depending on the age of the tracer armbody. 

10 MICROP ARTICLE CHARACTERISTICS 

For all microparticle formulations which were prepared herein, a W/O/O process 
was employed. The inner phase was either water or sodium acetate buffer a. a selected 
concentration and P H. The amount of exendin-4 and excipients present in the prepared 
formulations is expressed as a % (w/w) based on the final weight of the sustained release 

15 composition. The % (w/w) is a nominal percentage, except were indicated. 

DISCOVERY OF INITIAL FORMULATIONS (IF) 

As a result significant research, it was discovered that Initial Formulations 1-4 in 
Table 1 (IF-1, IF-2, IF-3 and IF-4) provided a desired release profile for exendin-4. For 
example, the Initial Formulations achieved a release of therapeutic levels of exendin-4 
20 for abont 3-4 weeks with minimal initial release. TTre Initial Formulations were prepared 
using the W/O/O process described above. The inner water emulsion contammg 
exendin-4 was formulated as follows: 50 mg/mL exendin-4, 30 mM sodium acetate 
buffer pH 4-4.5, and 50 mg/mL of sucrose or mannitol. The polymer phase cons.sted of 
a 3A or 4A (50:50, lactide:glycolide) PLG as described above. The nominal load of 
25 exendin-4 for IF-1 through IF-4 was 1% w/w with a nominal load of sngar (mannitol or 
sucrose) at 1% w/w. 
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INITIAL 
FORMU- 
LATION 


DRUG PHASE 
(INNER AQUEOUS 
EMULSION) 


POLYMER 
PHASE 


% EXENDIN-4 
IN 

FORMULATION 
(W/W*, 
NOMINAL) 


% EXCIPIENT IN 
FORMULATION 
(W/W, NOMINAL) 


IF-1 


50 mg/mL 

Exendin-4 

50 mg/mL sucrose 

30 mM sodium 

acetate (pH 4-4.5) 


3A 50:50 


1% 


1% Sucrose 


IF-2 


50 mg/mL 

Exendin-4 

50 mg/mL sucrose 

30 mM sodium 

acetate (pH 4-4.5) 


4A 50:50 


1% 


1% Sucrose 


IF-3 


50 mg/mL 

Exendin-4 

50 mg/mL 

mannitol 

30 mM sodium 

acetate (pH 4-4.5) 


3A 50:50 


1% 


1% Mannitol 


IF-4 


50 mg/mL 

Exendin-4 

50 mg/mL 

mannitol 

30 mM sodium 

acetate (pH 4-4.5) 


4A 50:50 


1% 


1% Mannitol 



IS BASED ON THE FINAL WEIGHT OF THE COMPOSITION 



release profiles for Initial Formulations 1-4 of Table 1 are depicted ii 



INITIAL FORMULATION DEVELOPMENT 

Development of the Initial Formulations IF-1 - IF-4 in Table 1 was based on 
achieving low initial release of exendm-4 coupled with sustained plasma levels of 
exendin-4. As such, the effects of various formulation and process parameters were 
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examined. The parameters investigated included: eneapsnlation process, drug loading, 
polymer characteristics, drug formulation and excipients. 

POLYMER 

The polymers employed in the development ofthe Initial Formulations are found 
in the list of polymers described above and were chosen to provide a release from about 
3 weeks to about 3 months. As can be seen in Table 1, the Initial Formulations 
employed a 3A (50:50) and 4A (50:50) PLG. The Initial Formulations were found to 
release exendin-4 for about 3-4 weeks following administration. 

DRUG LOADING 

10 The drug loading in the formulations employed in the development ofthe Imtral 

Formulations ranged from about 1% to about 5%. The drug loading refers to the 
nominal drug load and is a % (w/w) based on the final weight ofthe sustained release 
composition. For exendin-4, the high potency is amenable to drug loading in tins range. 
As can be seen in Table 1 drug loading for the Initial Formulations was set at 1%. 

15 FORMULATION OF DRUG 

The majority ofthe development work resulting in the Initial Formulations was 
conducted with the exendin-4 in aqueous solutions. The solutions ranged in 
concentration from about 10 to 1 50 mg of exendin-4 per mL of water. 

Initially, exendin-4 was encapsulated from an aqueous solution alone (no 
20 excipients). Bioavailability of these formulations was variable however leading to 
studies aimed at determining potential stabilizing excipient for exendin-4. Exendm-4 
stability was determined as a function of pH and concentration. As a result, 
formulations were prepared using acetate buffered solution at pH 4. Details of tins study 
are set forth below in Example 1 . 
25 Formulations containing sucrose, ammonium sulfate or Tween -20 in the 

aqueous phase were also evaluated. Details of this study are set forth in Example 2. 
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EXAMPLE 1 : EFFECT OF pH AND CONCENTRATION ON THE INTEGRITY OF 
UNENCAPSULATED EXENDIN-4 (pH 7) 
The effect of pH and concentration on the integrity of exendin-4 was 

j *«j o* n°r At dH 7 there was a dramatic loss of 
investigated. The studies were conducted at 37 C. Atpn / me 



5 . /onati veexend 1 n-4a.,he 1 owestconcenha,ion,ested(0.3mg/mL).Therateof,osswas 
decreased as the concentration was increased* 12.5 mg/mL and a, 50 mg/mL stahthty 
was further improved. The results are depicted graphically m FIG. 2A. 



EXAMPLE 2: EFFECT OF pH AND CONCENTRATION ON THE INTEGRITY OF 
UNENCAPSULATED EXENDIN-4 (pH 4) 
10 The same series of exendin-4 concentrations as described in Example 1 were 

conduced at P H4. Good stability was observedover the entire concentration range up 
to 49 days of incubation. The results of testing at pH 4 are set forth m FIG. 2B. 

EXAMPLE 3: EFFECT OF EXCIPIENTS ON THE INTEGRITY OF 
UNENCAPSULATED EXENDIN-4 
15 The effect of adding vanous extents to exendin-4 formulated a, 50 mg/mL and 

pH 4 was examined. The excipients tested were sucrose and arnmonium sulfate, both at 
at a 11 wcght ratio with the exendto-4 (i.e., 50 mg/mL) and 0.1% TWEEN-20. 

As can be seen in FIG. 3. there was former moderate improvement m exendm-4 
stability in the presence of the excipients. 

20 EXAMPLE 4: MICROPARTICLE DEVELOPMENT 

A series of microparticle batches were prepared using the W/O/O process 
described above. A description of each microparticle formulation is se, forth .„ Table 2. 
Briefly the effect of exe„din-4 concentration in the inner aqueous phase (12.5 mg/mL or 
"high water" and 50 mg/mL or "low water") and the addition of sucrose or ammomum 

25 sn.fatefatanecua.weightrda.ivetoexendinltotheinneraqueousphasewasexam.ned. 

to all cases the inner aqueous phase contained 30 mM acetate buffer at pH 4. 
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MICRO- 
PARTICLE 
LOT 


EXENDIN-4 
IN FORMU- 
LATION 
(WAV) 


% EXCIPIENT 
IN FORMULA- 
TION (WAV) 


POLYMER 


DRUG 
PHASE 


Cmax 
(pg/mL) 


BIO- 
AVAILA- 
BILITY 

(%) 


M-l 


1% 


0% 


4A 


50 mg/mL, 
pH=4 


383±240 


8 


M-2 


1% 


0% 


4A 


12.5 

mg/mL 

pH=4 


855±127 


4 


M-3 


1% 


1% 

SUCROSE 


4A 


50 mg/mL, 

pH=4, 

sucrose 


1366 
±1860 


15 


M-4 


1% 


1% 

SUCROSE 


4A 


12.5 

mg/mL, 

pH=4, 

sucrose 


988±170 


10 


M-5 


1% 


1% 

AMMONIUM 
SULFATE 


4A 


50 mg/mL, 

pH=4, 

(NH 4 ) 2 S0 4 


15371± 
8597 


45 


M-6 


1% 


1% 

AMMONIUM 
SULFATE 


4A 


12.5 
mg/mL, 
pH=4, 
(NH 4 ) 2 S0 4 


10839± 
875 


60 



The release profiles for Formulations M-l, M-2, M-4 and M-6 are set forth in 
FIG. 4. The release profile shows that the low water formulation had a lower Cmax, the 
addition of sucrose resulted in a less pronounced lag phase following the initial release 
and generally higher levels of exendin-4 for about the first two weeks, and the 
15 ammonium sulfate-containing batch exhibited a large initial release. 
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EXAMPLE 5: ADDITIONAL MICROP ARTICLE FORMULATIONS 

Additional nucroparticles formulations were prepared m developing .he Inrtial 
Formulations. All of «he mieropartiele foliations were prepared nsing a W/O/O 
process. Polymer type was either 3A or 4A PLG 50:50 described above. Theloadof 
5 e.endin-4, sucrose and water were varied. In addition, mannito. as an excpien, was 
investigated. A descnption of each m.croparticle formulation is set forth m Table 3. 



TABLE 3 








10 


VlICRO- 
P ARTICLE 
LOT 


/o EXENDIN-4 
N 

FORMULA- 
TION 
(WAV) 


/oEXCIPIENT 1 
[N 

FORMULA- 
TION 
(WAV) 


POLYMER 
PHASE 


DRUG 
PHASE 


Cmax 
(pg/mL) 


BIO- 
AVAILA- 
BILITY 

(%) 




M-7 


1% 


1% 

SUCROSE 


4A 


50 mg/mL, 

pH=4, 

sucrose 




18 




M-8 


1% 


1% 

SUCROSE 


3A 


50 mg/mL, 

pH=4, 

sucrose 


1794±615 


27 




M-9 


1% 


2% 

SUCROSE 


4A 

0.2% 
MgC0 3 


50 mg/mL, 

pH=4, 

sucrose 


1087±178 


13 




M-10 


1% 


2% 

SUCROSE 


4A 


M-7 
with 

2X sucrose 


2607±911 


29 


15 


M-ll 


2% 


2% 

SUCROSE 


4A 


M-7 
with 
2X 

sucrose, 
exendin-4 
and water 


1658±522 


18 




M-12 


2% 


2% 

SUCROSE 


4A 


M-7 
with 

2X sucrose 
and 

exendin-4 

(100 

mg/mL) 


769 1± 
229 


26 
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M-13 


1% 


1% 

MANNITOL 


4A 


M-7 
with 

mannitol in 
place of 
sucrose 


1115± 
687 


18 


M-14 


1% 


1% 

MANNITOL 


3A 


M-7 
with 

mannitol in 
place of 
sucrose 


1884± 
820 


22 
Q are 



Ther< 



depicted graphically in FIG. 5. 



The release profiles for Microparticle Formulations M-7, 



5 MlOM-llandM-12 are depicted graphically in FIG. 6. The release profile of 
MicroparticleFormulationsM-nandM-Hare depicted graphically m FIG. 7. 



INITIAL FORMULATIONS-IN VIVO 

The Initial Formulations, IF-!, -2 and -4 of Table 1 were then administered to 
rats The release profiles for these formulations are dep.cted in FiG. 1 through 28 days 
,0 postadministrationandmFIG.8^^ 

HQ 8 shows that IF-1, -2 and -4 provided an acceptable release profile mrats (15-32/. 
bioavailab I l 1 tyw 1 ,haC m ax/Caveofabout2-3).Furtherresea r eh.odiseover 
fomu ,ations wimaddUional.mprovementsinthereleaseprofileofexendm-4 was then 

conducted resulting in the Selected Formulations (SF) described below. 
15 suchfurtherformulafiondiscoverywasdirectedatincreasingdrugloadand 

determining extents capable of further increasing bioavailability. Loads were 
examined in the range of .% to 4%. Various excipients were tested includrng 

the surfactant, Pluronic F-127. 



20 SELECTED FORMULATIONS 

The Selected Formulations resulting from the further formulation discovery, 
which were chosen for clinical testing, are set forth in Table 4. 
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TABLE4 



SELECTED 
FORMULA- 
TION 


% EXENDIN-4 
IN FORMULATION 
WAV NOMINAL 
(WAV ACTUAL) 


% EXCIPIENT IN 
FORMULATION 
WAV 


DRUG PHASE 
(INNER 
AQUEOUS 
EMULSION) 


POLYMER 
PHASE 


SF-1 


3% 

(2.5%) 


2% SUCROSE, 
0.3% 

AMMONIUM 
SULFATE 


Exendin-4 (50 

mg/mL in 

water) 

2% sucrose, 

0.3% 

ammonium 
sulfate 


4A 50:50 


SF-2 


3% 

(2.8%) 


2% SUCROSE, 
0.5% 

AMMONIUM 
SULFATE 


Exendin-4 (50 

mg/mL in 

water) 

2% sucrose, 

0.5% 

ammonium 
sulfate 


4A 50:50 



The sustained release profiles in rats for SF-1 (3% drug, 2%sucrose, 0.3% AS) 
and SF-2 (3% drug, 2% sucrose, 0.5% AS) are depicted graphically in FIG. 9. 



ADDITIONAL FORMULATION DISCOVERY 

10 % LOAD VARIATION: Previously a 1% loading had been employed (Initial 

Formulations 1-4). Higher loads were tested to determine a range of drug loading for 
exendin-4. It was found that increasing the load from 1% to the range of about 2-3% 
was acceptable. Loads of 4% and higher for exendin-4 resulted in an increased Cmax. 
The Microparticle Formulations M15-M17 are described below and the sustained release 

1 5 profile for each is depicted graphically in FIG. 1 0. 
M-15 - M-17: 
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All mrcroparticles contained 1 : 1 mannitol:drug (w.w) and 80 mM acetate buffer 
(pH=4.0) encapsulated in 4A, 50:50 PLG 

M-15:2%load 

M-16: 3% load 

M-17:4%load 

AMMONIUM SULFATE: The effeet of ammoninm sulfate on the release of 

the firs, two weeks. There was a dramatic increase in bioavailability from about 12- /. 
,„ about 38-57%. However there was also an undesirable mcrease in the Cmax when 
ammonium sulfate was used alone. The Mtcroparticle Formulations depicted tn FIG. 
are set forth in Table 5. 



TABLE 5 






15 


MICRO- 
PARTICLE 
LOT 


% EXENDIN-4 1 
IN 

FORMULATION 
WAV NOMINAL 
(WAV ACTUAL) 


% EXCIPIENT IN 
FORMULATION 
WAV 


DRUG PHASE 
(INNER 
AQUEOUS 
EMULSION) 


POLYMER 
PHASE 




M-18 


2% 

(1.89% # , 
1.98%*) 


2% MANNITOL 


Exendin-4 
(50 mg/mL in 
80mM acetate 
buffer, 
pH=4.0) 
2% mannitol 


4A 50:50 




M-19 


2% 

(1.79%*, 
1.80%*) 


2% MANNITOL 


Exendin-4 (50 
mg/mL in 80 
mM acetate 
buffer, 
pH=4.0) 
2% mannitol 


4A 50:50 
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M-20 


2% (1.73%*, 
1.74% # ) 


2% MANNITOL 
0.5% 

AMMONIUM 
SULFATE 


Exendin-4 (50 
mg/mL in 80 
mM acetate 
buffer, 
pH=4.0) 
2% mannitol, 
0.5% 

ammonium 
sulfate 


4A 50:50 


M-21 


2% 

(1.72%*, 
1.75% # ) 


2% MANNITOL 

0.5% AMMONIUM 
SULFATE 


Exendin-4 (50 
mg/mL in 80 
mM acetate 
buffer, 
pH=4.0) 
2% mannitol, 
0.5% 

ammonium 
sulfate 


4A 50:50 



#: SE METHOD 

*: NITROGEN METHOD 



sthe 



SUGAR EXCIPTENT: Earlier formulations used sucrose and mannitol as i 
sugar excipientatal%load in the microparticle or a 1:1 su g ar:ex e ndin-4 (w.w). In tins 
further formulation development, sucrose, mannitol and trehalose, all at 2% load, were 
evaluated. In this study, the drug load was also 2% (therefore sugar-to-drug ratio 
remained 1%) and the nncroparticles also had 0.5% ammonium sulfate present. 

The sustamed release profile for these formulation is set forth in FIG. 12. The 
Microparticle Formulations are as shown in Table 6. 
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1 AHLfc 0 

MICRO- 
PARTICLE 
LOT 


/o EXENDIN-4 c 
[N 

FORMULATION 
WAV NOMINAL 
(WAV ACTUAL) 


/o EXCIPIENT 

[N 

FORMULATION 
WAV 


DRUG PHASE 1 
INNER 
AQUEOUS 
EMULSION) 


POLYMER 
PHASE 


M-22 


2% 

(1.73%*, 
1.74% # ) 


2% MANNITOL 
0.5% 

AMMONIUM 
SULFATE 


Exendin-4 (50 
mg/mL in 80mM 
acetate buffer, 
pH=4.0) 
2% mannitol. 
0.5% 

ammonium 
sulfate 


4A 50:50 


M-23 


2% 

(1.66%*, 
1.68% # ) 


2% SUCROSE 
0.5% 

AMMONIUM 
SULFATE 


Exendin-4 (pu 
mg/mL in 80 
mM acetate 
buffer, pH=4.0) 
2% sucrose, 
0.5% 

ammonium 
sulfate 


4A 50:50 


M-24 


z/o 

(1.86%*, 
1.90%*) 


2% 

TREHALOSE 
0.5% 

AMMONIUM 
SULFATE 


Exendin-4 (50 
mg/mL in 80 
mM acetate 
buffer, pH=4.0) 
2% trehalose, 
0.5% 

ammonium 
sulfate 


4A 50:50 



#SE METHOD 
♦NITROGEN METHOD 

10 The sustained release profiles inFIG. 12 show that mannitol and trehalose tend 

to provide a higher Cma* than sncrose a»d higher plasma levels over abont the first 
week of release. 
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ACETATE BUFFER: The majority of formulations prepared included 80 mM 
.diumacetatebuffermmeinner^ 

^aepicedgrapmcaUyinnG. 13. Inspection of the sustained release profile of FIG. 
sugg es< that thebuffercanbe removed from the formulation possibly resu.tmg m a 
reduced Cmax and without impaeting the drug integrity. The Mieroparttele 
Formulations M-25, M-26 and M-27 are set forth in Table 7. 



TART F. 7 P 




10 


Microparticle 
Formulation 


% EXENDIN-4 
IN 

FORMULATION 
WAV NOMINAL 
(WAV ACTUAL) 


%EXCIPIENT 
IN 

FORMULATION 
WAV 


DRUG PHASE 
(INNER AQUEOUS 
EMULSION) 


POLYMER 
PHASE 




M-25 


2% 

(1.72%*, 
1.75%") 


2% 

MANNITOL 
0.5% 

AMMONIUM 
SULFATE 


Exendin-4 (50 
mg/mL in 80mM 
acetate buffer, 
pH=4.0) 

2% mannitol. 0.5% 
ammonium sulfate 


4A 50:50 




M-26 


2% 

(1.65%*, 
1.68% # ) 


2% 

MANNITOL 
0.5% 

AMMONIUM 
SULFATE 


Exendin-4 (50 

mg/mL in 

WATER) 

2% mannitol, 0.5% 

ammonium sulfate 


4A 50:50 


15 


M-27 


2% 

(1.71%*, 
1.77% # ) 


2% 

TREHALOSE 
0.5% 

AMMONIUM 
SULFATE 


Exendin-4 (50 
mg/mL in 30 mM 
acetate buffer, 
pH=4.0) 

2% trehalose, 0.5% 
ammonium sulfate 


4A 50:50 



#SE METHOD 
♦NITROGEN METHOD 
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DESIGN-OF-EXPERJMENTS (DOE) APPROACH: Based on the discovery 
work described above, a design-of-experiments approach was employed to select 
formulations. Briefly, buffer was removed from the formulations, sugar content was 
fixed at 2%. The variables which were examined were drug load (2 or 3%), sugar type 
5 (sucrose or mannitol) and level of ammonium sulfate (0.3 or 0.5%). The three variable, 
two-level design resulted in a total of 8 formulations from which the Selected 
Formulations, SF-1 and SF-2 were identified. The studies are set forth below. 

DOE STUDY 1: Formulations containing 0.5% ammonium sulfate were 
evaluated. The sustained release profile for the formulations are set forth in FIG. 14. 
10 One of the batches (2% drug load with mannitol) was prepared at the 100 g scale and a 
precipitate was observed in the primary emulsion possibly resulting in the higher Cmax 
observed. The bioavailability was in the range of 15-30% for these formulations. A 
description of the Microparticle Formulations M-28 - M-31 is set forth in Table 8. 



TABLE 8 



15 


MICRO- 
PARTICLE 
LOT 


% EXENDIN-4 
IN 

FORMULATION 
WAV ACTUAL 


% EXCIPIENT IN 
FORMULATION 
WAV 


DRUG PHASE 
(INNER 
AQUEOUS 
EMULSION) 


POLYMER 
PHASE 




M-28 


2.8% 


2% SUCROSE 

0.5% AMMONKJM 
SULFATE 


Exendin-4 (50 
mg/mL in water) 
2% sucrose, 
0.5% 

ammonium 
sulfate 


4A 50:50 




M-29 


2.8% 


2% MANNITOL 

0.5% AMMONIUM 
SULFATE 


Exendin-4 (50 

mg/mL in 

Water) 

2% mannitol, 

0.5% 

ammonium 
sulfate 


4A 50:50 
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M-30 


1.8% 


2% SUCROSE 

0.5% AMMONIUM 
SULFATE 


Exendin-4 (50 
mg/mL in water) 
2% sucrose, 
0.5% 

ammonium 
sulfate 


4A 50:50 


M-31 


1.9% 


2% MANNITOL 

0.5% AMMONIUM 
SULFATE 


Exendm-4 (5U 
mg/mL in water) 
2% mannitol, 
0.5% 

ammonium 
sulfate 


4A 50:50 



time (Formulation M-28A, M-29A, M-30A and M-3 1 A) but using a different drying 
method and evaluation of the serum profile determined. The sustained release profiles 
for M-28A - M-31 A are depicted graphically in FIG. 15. 



DOE STUDY 2: Formulations containing 0.3% ammonium sulfate were 
evaluated. The sustained release profile for the formulations are set forth in FIG.16. A 
description of the Microparticle Formulations M-32 - M-35 is set forth in Table 9. 



MICRO- 
PARTICLE 
LOT 


% EXENDIN-4 

IN FORMULATION 

W/W ACTUAL 


% EXCIPIENT IN 
FORMULATION 
WAV 


DRUG PHASE 
(INNER 
AQUEOUS 
EMULSION) 


POLYMER 
PHASE 


M-32 


2.5% 


2% SUCROSE 

0.3% AMMONIUM 
SULFATE 


Exendin-4 

(50 mg/mL in 

water) 

2% sucrose, 

0.3% 

ammonium 
sulfate 


4A 50:50 
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M-33 


2.66% 


2% MANNITOL 

0.3% AMMONIUM 
SULFATE 


Exendin-4 (50 

mg/mL in 

Water) 

2% mannitol, 

0.3% 

ammonium 
sulfate 


4A 50:50 


M-34 


1.66% 


2% MANNITOL 

0.3% AMMONIUM 
SULFATE 


Exendin-4 (50 
mg/mL in 
water) 

2% mannitol, 
0.3% 

ammonium 
sulfate 


4A 50:50 


M-35 


1.68% 



2% SUCROSE 

0.3% AMMONIUM 
SULFATE 


Exendin-4 (50 

mg/mL in 

water) 

2% sucrose, 

0.3% 

ammonium 
sulfate 


4A 50:50 



EXAMPLE 6: EFFECTS OF LOCAL DELIVERY OF SECONDARY AGENT- 
5 CONTAINING MICROP ARTICLES ON THE RELEASE OF 

EXENDIN-4 FROM EXENDIN-CONTATNTNG MICROPARTICLES 
The effects on the pharmacokinetic profile of exendin-4 release following 
administration of exendin-4-containing microparticles co-administered to male Sprague- 
Dawley rats with placebo microparticles, or triamcinolone-containing microparticles was 
10 determined. 

PREPARATION OF EXENDIN-CONTAINING MICROPARTICLES AND 
TRIAMCINOLONE-CONTAINING MICROPARTICLES 

Exendin-containing microparticles were prepared as described above for Selected 
Formulation 2 (SF-2) having 3% exendin-4 (in water), 2% sucrose and 0.5% ammonium 
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sulfate in 4A, 50:50 PLC and Initial Formulation-1 (IF-1) having 1% exendin-4 load (50 
mg/mL Exendin-4), 1% sucrose (50 mg/mL sucrose) 30 mM sodium acetate (pH 4-4.5) 

and 3 A, 50:50 PLC 

Triamcinolone acetonide-containing microparticles (2% load) were prepared as 
follows- 42 mg of triamcinolone acetonide was dissolved in benzyl alcohol. The 
triamcinolone solution was then added to about 24.3 mL of a 6 o/oPLG (2.5 A) solution in 
methylene chlonde. The resulting homogenous solution was added to a stirring solution 
of 5% PVA The stirring rate was raised until microscopic examination of the emulsion 
indicated that the diameter of the droplets was about 150-75 microns. The emulsion was 
then slowly added to stirring cold water. After about 45 minutes of stirring, the 
suspension was allowed to settle at 4°C. The microparticles were collected by filtration, 
washed with cold water, frozen and lyophilized to dryness. 

Placebo microparticles were prepared according to the process for preparation of 
the triamcinolone microparticles but absent the triamcinolone. 



1 5 ADMINISTRATION OF MICROPARTICLES 

Microparticle administration was as follows: Animals were anesthetized fully 
with 5% halothane. Each animal was shaved and the back swabbed with alcohol. 
Exendin-4 containing microparticles and either placebo or triamcinolone-containing 
microparticles were suspended in vehicle and injected into the interscapular site. 
20 Treatment groups are summarized in Table 10. 

A dose of 120 mg of exendin-4-containing microparticles (Formulation IF-1) 
plus 30 mg of placebo (Group A) or 10 mg of 2% w/w triamcinolone-containing 
microparticles (Group B) was administered to the rats. Adoseof40 mgofexendin- 
containing microparticles (Formulation SF-2) plus 30 mg of placebo (Group C) or 10 mg 
25 of 2% w/w triamcinolone-containing microparticles (Group D) was also administered to 
the rats. Sample collection time points were pre-bleed, 2 hrs, 6 hrs, 10 hrs, and days 1, 
2, 4, 7, 10, 14, 17, 21, 24, 29, 32, 36 and 39. 
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5 



GROUP 


# ANIMALS 


EXENDIN-4 
MICROPARTICLES 


SECONDARY 
AGENT 


TREATMENT 


A 


4 


120 mg 
IF-1 


PLACEBO 
MICROPARTICLES 


30 mg 


B 


4 


120 mg 
IF-1 


2% TRIAMCIN OLUJN b 
MICROPARTICLES 


10 mg 


C 


4 


40 mg 
SF-2 


PLACEBO 
MICROPARTICLES 


30 mg 


D 


4 


40 mg 
SF-2 


2% TRIAMCINOLONE 
MICROPARTICLES 


10 mg 



PLASMA EVALUATION 

To evaluate plasma exendin levels, 0.25 mL samples of plasma were collected 
10 via tail vein on days 0 and 1, and 0.4 mL samples were collected on the remaining days 
specified in Table 10 (four animals per group). The samples were centrifuged and the 
plasma fraction frozen (-80°C). Plasma exendin levels were quantitated by IRMA. 



RESULTS 

PLASMA EXENDIN-4 LEVELS 

15 FIG. 17 shows the results of the effects of exendin-4-containing microparticles 

co-administered with placebo microparticles and triamcinolone acetonide-containing 
microparticles on plasma exendin levels in the form of a graph of exendin plasma levels 
(pg/mL) versus time (days) post injection. As shown in FIG. 17, the pharmacokinetic 
profile for Group B was improved over controls (Group A). Specifically, enhanced 

20 bioavailability was observed for the triamcinolone acetonide treated group (Group B) in 
that plasma levels on day 32 remained detectable while this was the last day detectable 
for the control group. It is noted that plasma levels were still detectable at day 39 for 
Group B, showing a substantial increase in the duration of release of exendin when 
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coadministered with triamcinolone acetonide-containing microparticles. C ave levels, C max 
and AUC were also desirably modulated as a result of coadministration of triamcinolone 
acetonide-containing microparticles with the exendin-containing microparticles. 

FIG. 18 shows the results of the effects of exendin-containing microparticles co- 

5 administered with placebo microparticles and triamcinolone acetonide-containing 
microparticles on serum exendin levels in the form of a graph of exendin serum levels 
(pg/mL) versus time (days) post injection. As shown in FIG. 18, the pharmacokinetic 
profile for Group D was improved over controls, Group C. Specifically, enhanced 
bioavailability was observed for the triamcinolone treated group (Group D) in that 

10 plasma levels were still detectable at day 39 showing a substantial increase in the 
duration of release of exendin when coadministered with triamcinolone acetonide- 
containing microparticles in comparison to controls (Group C) which were not 
detectable after day 24. C ave levels, C max and AUC were also desirably modulated as a 
result of coadministration of triamcinolone acetonide-containing microparticles with the 

15 exendin-containing microparticles. 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
scope of the invention encompassed by the appended claims. 



